Abstract. The effect of blood meals from humans and seven domestic, wild, or laboratory animals (dogs, horses, chickens, rats, opossums, mice, and hamsters) on the development of Leishmania braziliensis and L. amazonensis was studied in the sand fly Lutzomyia migonei. The development of L. braziliensis and L. amazonensis exhibited peripylarian and suprapylarian patterns of development, respectively, in the sand fly gut with all blood meals tested. The blood meal sources influenced the infection rate of the sand flies. In both the Leishmania species, the highest parasite density was obtained with blood from wild rats followed by skunk, human, and horse. The epidemiological significance of these observations may be related to the distribution of leishmaniasis and needs to be evaluated further.
INTRODUCTION
Leishmania parasites transmitted by certain species of phlebotomine sand flies cause leishmaniasis, which affects thousands of people in the Tropics. The vector competence of the sand flies depends on several aspects that characterize the degree of susceptibility or the refractoriness to the protozoan. Sand fly infection is initiated when the insect takes a blood meal from the vertebrate hosts, required by the females for ovarian development. A sand fly species is considered to be a possible vector only if the Leishmania species infection persists after digestion of the blood meal and the parasites develop their life cycle within the insect and are able to be transmitted to a vertebrate.
Blood meal digestion and the subsequent activity of the proteolytic enzymes inside the sand fly gut appear to play an important role for the growth and development of Leishmania parasites. The proteins from the blood meal are digested within the sand fly gut in about 48-72 hours, and the parasites need to deal with a potentially harmful environment in order for the infection to become established. [1] [2] [3] It appears that the enzymatic processes in the sand fly gut function differently when triggered by different types of meals, and the blood meal from distinct animal sources can be lethal to Leishmania. 4 Leishmania tropica infection was inhibited in Phlebotomus papatasi fed on turkey blood because a relatively high DNAase activity level was induced in the sand fly gut by the nucleated erythrocytes. 5 Some species of Leishmania can modulate the level of proteolytic enzymes secreted during digestion to survive within the gut in an appropriate vector, as occurs in P. papatasi in which L. major suppresses activity while L. donovani enhances it. 1, 6 It also was demonstrated that the rate of blood meal digestion in P. langeroni varied according to the source of the vertebrate blood and the Leishmania species involved; the development of L. infantum infection was associated with suppression of blood protein digestion by sand flies fed on human or dog blood. 7 All of these studies have been focused on the Old World Leishmania-sand fly vector associations.
The establishment and the distinct developments of two New World Leishmania species, the peripylarian L. (Viannia) braziliensis and the suprapylarian Le. (Leishmania) amazonensis, were studied and comparisons were made of the infection rates, colonization of the gut, growth, and developmental forms found in the sand fly Lutzomyia migonei. 8 The current study compares for the first time the developments of these two Leishmania species in sand flies fed on blood from several vertebrates, including the domestic and wild species present in the geographical areas in which tegumentary leishmaniasis occurs.
METHODS AND MATERIALS
Sand flies. Lu. migonei sand flies were reared in a closed laboratory colony maintained in the Laboratory of Medical Entomology of the Centro de Pesquisas René Rachou, Fundaçã o Oswaldo Cruz in Belo Horizonte, Minas Gerais, Brazil, as described elsewhere. 8 This colony was set up from an established colony at the University of Los Andes, Venezuela.
Parasites. L. braziliensis and L. amazonensis (WHO reference strains MHOM/BR/75/M2903 and IFLA/BR/67/PH8, respectively) were maintained by periodic inoculations into the hind footpads of hamsters. The amastigotes were purified from swollen closed lesions with differential centrifugation just before the sand fly feeding experiments.
Blood sources. Blood was drawn from seven different vertebrates, including humans, domestic animals (dogs, horses, and chickens), laboratory animals (mice and hamsters), and wild animals (rats and opossums). Fresh blood was collected from three individuals of each species in sterile heparinized tubes and mixed with the parasites to infect the sand flies. The experiments were repeated four to six times.
Sand fly infection. In each experiment 200-300 female sand flies were allowed to feed on an artificial feeding device containing blood mixed with 2 × 10 7 /ml amastigotes of one of the two Leishmania species. The amount of amastigotes ingested by each sand fly was calculated as 2,000 (data not shown). The fully engorged sand flies were separated and maintained on 50% sucrose solution at 25°C at 95% relative humidity. Groups of at least 10 sand flies were dissected and examined for Leishmania development at different intervals after the infective blood meal.
Parasite detection and development. The infected sand flies were dissected daily from the first to the tenth day after the blood meal. The insects were immobilized in a freezer and individually dissected in drops of phosphate buffered saline solution (PBS) at pH 7.2. Their guts were examined for the presence of promastigotes in fresh preparations under light microscopy; the location of the parasites was noted. The gut of each sand fly was also homogenized in microfuge tube containing 20 l of PBS at pH 7.2, and the parasite number counted in a hemocytometer using phase contrast microscopy. The same material was used for Giemsa-stained smears for detection of the relative proportions of the distinct morphological developmental forms of the parasites. The different morphological forms were classified according to the terminology devised by Lawyer and others and subsequently used by several authors. 2, [8] [9] [10] [11] [12] Statistics. The results were analyzed using a nonparametric Student's t-test. A P value of 0.05 or less was considered to be significant.
RESULTS
Sand fly mortality and the level of infection after the blood meal from distinct vertebrates are shown in Table 1 . For the two Leishmania species, the lowest level of mortality occurred in the sand flies fed on chicken blood and the highest in insects fed on dog blood. An intermediate level of mortality (49%) was seen for sand flies fed on human blood.
The infection rates of the sand fly groups for the two Leishmania species varied according to the blood meal sources (see Table 1 ). The mean proportions of sand flies infected with L. braziliensis were lowest for hamsters and chicks (57%), followed by adult chicken (65%), mouse (73%), horse (75%), dog (76%), human (78%), opossum (79%), and wild rat (81%). For L. amazonensis the mean proportion of infected sand flies varied among chicken (43%), hamster (55%), opossum (65%), dog (68%), mouse (68%), chick (70%), horse (70%), human (76%), and wild rat (81%).
In Figure 1 the parasite densities in the Lu. migonei gut during 10 days of observation are shown. During the first 2 days, the parasite density for sand flies infected with L. braziliensis varied from 6,500-18,000 parasites per gut, whereas for those infected with L. amazonensis the density varied from 11,500-140,000. The groups of L. braziliensis-infected sand flies, which presented high infection levels (more than 10,000 parasites per gut), in decreasing order, were the ones fed on the blood of horse, hamster, human, dog, rat, and opossum. Low levels of infection (less than 10,000 parasites per gut) were seen for sand flies fed on the blood of mouse, chick, and chicken. For the L. amazonensis-infected sand fly groups, high infection levels (more than 40,000 parasites per gut) were seen in insects fed on the blood of rat, opossum, chick, human, and horse; low infection levels (less than 40,000 parasites per gut) occurred in insects fed on the blood of mouse, dog, hamster, and chicken.
The developmental patterns of L. braziliensis and L. amazonensis in the gut of Lu. migonei fed on the different blood meal sources were peripylarian and suprapylarian, respectively (Figures 2 and 3 ). Parasites were a frequent presence in the malpighian tubules of the L. amazonensis-infected sand flies. A forward migration of the parasites from the posterior to the anterior regions of the gut was observed in all infected sand fly groups.
The distinct morphological forms of promastigotesprocyclic, nectomonad, haptomonad, paramastigote, and metacyclic-were found in all infected sand fly groups (Figures 4 and 5) . The proportion of the developmental forms varied according to the blood meal sources, but metacyclics comprised less than 10% of parasites in all the infected sand fly groups.
DISCUSSION
The peripylarian L. braziliensis and the suprapylarian L. amazonensis cause mucocutaneous and cutaneous leishmaniasis, respectively, in South American countries.
Several domestic and wild animals have been implicated as possible reservoirs. L. braziliensis has been found in domestic animals as dogs (Canis familiaris) and equines (Equus equus) as well as in wild mammals such as rodents (Proechimys, [13] [14] [15] [16] [17] [18] [19] Knowledge of the ability of these animals to pass on the parasites and their subsequent development in the sand fly represent an important step in the understanding of the epidemiology of the disease. Here we studied the development of infections of two important Leishmania species in Lu. migonei, a widespread sand fly that has been infected under laboratory conditions and is suspected to be a vector in nature. 8, 3, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] The principal objective of this study is to understand the role of distinct blood meal sources in the infection process of the sand fly vector, using laboratory animals as well as domestic and wild species found in endemic areas.
The ability of Leishmania to survive and develop during blood meal digestion is the first step in the successful establishment of the parasite population in the vector. 30 The important consequences of the intake of a blood meal from different species of vertebrate hosts on Leishmania development of parasite was first investigated by Adler and Theodor in Old World Leishmania-sand fly species associations. 31 They showed that selective killing of nonappropriate Leishmania by rabbit serum in the gut of distinct sand fly species.
Further evidence was provided by Schlein and others, who found that infection with L. tropica was inhibited in Phlebotomus papatasi fed on turkey blood; the killing of the parasites was correlated with the digestive process. 5 A relatively high DNAase level was induced in the sand fly gut by nucleated turkey erythrocytes. Schlein and Romano also reported that insect proteases have a harmful effect on Leishmania and that the level of proteolytic enzymes is reduced in P. papatasi by L. major but not by L. donovani, the latter being a parasite that does not normally survive in this vector. 6 Similarly, the percentage of blood protein digestion in P. langeroni varied according to the kind of host blood provided and the Leishmania species it contained. 32 Our results for two New World Leishmania species appear to be distinct from those obtained for Old World species. Blood meals from different species of vertebrate have no deleterious effect on the development of L. braziliensis or L. amazonensis in the gut of the sand fly Lu. migonei. None of the types of blood meal eliminated infections in the sand fly, and parasite development was compatible with digestion independent of the blood meal source.
Furthermore, the mean proportion of all the developmental promastigote forms found in the sand fly did not vary according to the blood meal source. The metacyclogenesis FIGURE 4 . Proportion of different promastigote forms of L. braziliensis detected in the alimentary tract of Lu. migonei. The percentage of each form was determined scoring Giemsa-stained parasites using the classification from Lawyer and others (1990) process occurred with the formation of vertebrate infective forms in all sand flies, independently of the blood sources, so that all became potential vectors. In both species of Leishmania, the infection rates of the Lu. migonei were highest in sand flies that acquired the infection in blood meals of wild rat, opossum, human, and horse. The efficiency of transmission by the sand fly infected from these animals should be taken into account in studies of vector competence because NIEVES AND PIMENTA the host involved could influence transmission in some geographic areas.
